ABSTRACT Experiments were conducted to evaluate the nutritional value of meal derived from low glucosinolate cultivars of mustard (Brassica juncea) in comparison to samples of canola meal (Brassica napus, Brassica rapa). Samples of Brassica seed (four B. juncea, one B. napus, and one B. rapa) were processed using laboratory procedures to produce oil-extracted meals, which were examined for composition (DM basis), and nutritional value for broiler chickens as judged by nutrient retention (AME n , ileal protein digestibility) and performance. 
INTRODUCTION
Mustard (Brassica juncea) has been grown as a specialty crop in western Canada for many years but has not been used extensively for oil production despite the relatively high oil content of its seed. In comparison to rapeseed (canola), mustard has agronomic advantages, such as drought tolerance and disease resistance, which give this crop considerable oil production potential. The recent development of cultivars with oil characteristics similar to canola and low glucosinolate levels (Love et al., 1990) has enhanced the potential of this crop. If this crop is to be used extensively for oil production, the nutritional value of the meal derived after oil extraction should be ascertained for livestock.
The nutritional value of mustard meal (MM) has not been extensively studied. However, earlier research has demonstrated that the nutritional value of MM was similar to canola meal (CM) if the MM was first treated with ammonia to reduce its glucosinolate content (Bell et al., 1984; Blair, 1984) . Presumably, the genetic reduction of glucosinolate content would produce similar results but the nutritional value of this type of MM has not been accurately assessed.
The objective of this research was to compare the nutritional value of four samples of low glucosinolate MM to two samples of CM (Brassica napus and Brassica rapa) for broiler chickens. All seed samples were processed in the same manner to eliminate the potential effects of different oil extraction procedures.
MATERIALS AND METHODS

Meal Preparation
Six Brassica samples were tested. One B. napus (Excel), one B. rapa (Parkland) , and four B. juncea samples arbitrarily called MM1 to MM4. All samples were grown in Canada during the 1994 growing season and were supplied by the Saskatchewan Wheat Pool. 2 Strains MM1 and MM2 were the same strain grown on two different locations, whereas MM3 and MM4 were strains of low glucosinolate mustard that had undergone further selection. Oil was extracted from seed samples (approximately 25 kg per sample) at POS Pilot Plant Inc. 3 using a bench top process designed to mimic commercial processing. The seed was thoroughly cleaned to remove foreign material and undeveloped seeds prior to processing. Water was sprayed on the seed to increase the moisture content to 8 to 10% and the samples were then placed in a sealed container and allowed to equilibrate for 16 h. The samples were then flaked, heated to 90 to 100 C in a microwave oven (4.5 to 7 min) and transferred to a convention oven for 20 to 30 min (final temperature was 89 to 93 C). The samples were then pressed with a Komet Oil Expeller 4 and extracted with hexane over a period of 4 h. The meal was desolventized in a fume hood for 2 to 3 d. The meal was once again heated to 97 to 106 C in a microwave oven (7 to 8 min) and toasted in a convection oven for 40 min (final temperature was 97 to 103 C). An exception to the above procedure was that one-third of the B. rapa seed was not pressed prior to extraction because of a breakdown of the press. As a result, the meal from B. rapa had a slightly higher oil content and underwent slightly less heat treatment (about 2 min of 80 to 100 C).
Nutrient Retention
Nitrogen-corrected apparent metabolizable energy was determined according to the methods of Sibbald and Slinger (1963) using commercial broiler cockerels raised to 28 d of age on commercially prepared feed and housed in raised wire floor cages. After 28 d, the birds were randomly placed two per cage in cages designed for feces collection and were fed the test diet for 7 d. The test ingredient was included in the diet at a level of 40%. Chromic oxide was added to the diet as an indigestible marker. The diet AME n was multiplied by a factor of 1.0484 as described by Sibbald and Slinger (1963) to compensate for the test diet and reference diet having 4.84 g of premix (limestone, dicalcium phosphate, salt, vitamin premix, choline chloride, Avizyme Tx, and chromic oxide) added per 100 g of macroingredients (soybean meal, wheat, and canola oil). The AME n of the test ingredient was calculated as: AME n of reference diet -[(AME n of reference diet -AME n of test diet)/0.4]. The composition of the test and reference diets are shown in Table 1 . Each treatment was replicated six times with two birds per replicate. Feed and water were consumed ad libitum. Feces were collected daily for the last 3 d and frozen upon collection. Fecal samples from each replicate were pooled on the final day and dried in a forced air oven at 50 C prior to grinding and chemical analysis. Upon final collection the birds were killed by cervical dislocation and the contents of the distal ileum (defined as the last half of the section between the Meckel's diverticulum and the ileoceco-colonic junction) were collected and freeze-dried for determination of ileal protein digestibility as described by Ten Doeschate et al. (1993) .
Growth Performance Study
An experiment was carried out to examine the effect of inclusion of 20% experimental meal in the diet on broiler performance. Day-old commercial (Hubbard × Hubbard) male broiler chicks were selected to minimize variability in chick weight. Chicks of acceptable weight were randomly allocated (four chicks per pen) to Jamesway 5 battery brooders. Treatments were assigned to pens according to a completely randomized experimental design with each treatment replicated six times. Initial room temperature was set at 32 C and was gradually reduced throughout the experiment according to standard husbandry practice. Feed and water were consumed ad libitum throughout the experiment.
During the experiment, dead birds were recorded and weighed, as well as average intake up to the time of death. Final body weight and feed consumption was determined on Day 21. Average gain was determined by subtracting the average initial weight from the average final weight. Gain to feed was calculated by dividing average weight gain, including weight gain of any dead birds, by average feed intake.
Treatments consisted of two canola meals and four B. juncea meals added to a wheat based diet at a level of 20%. The Brassica-based test diets were formulated to meet or exceed NRC (1994) requirements based on the nutrient specifications of MM3, as it contained approximately average CP level and AME n relative to those of the other Brassica meals. Another treatment was based on a diet containing soybean meal as the sole protein concentrate and was formulated to have nutrient specifications identical to the Brassica-based diets. Diet compositions are shown in Table 1 .
Analytical Procedures
Acid detergent fiber (ADF), CP, moisture, and gross energy were measured according to the methods of the Association of Official Analytical Chemists (1980). Diet and fecal chromic oxide content was measured according to the methods of Fenton and Fenton (1979) to determine digestibility. Neutral detergent fiber (NDF) and total dietary fiber (TDF) were determined using the methods of Mongeau and Brassard (1979) and Theander and Westerlund (1986) , respectively. Glucosinolates were measured according to the methods of Daun et al. (1989) .
Statistical Analysis
Data were analyzed by one-way ANOVA using the General Linear Models (GLM) procedure of the SAS Institute (1989). Variables with significant F tests (P ≤ 0.05) were compared using Duncan's multiple range test (Duncan, 1955) .
RESULTS
The composition of Brassica and soybean meals are shown in Table 2 . The B. juncea meals contained slightly FIGURE 1 . Regression of AME n and total dietary fiber in Brassica meals. AME n = -183 TDF + 7,179.9, P < 0.02, R 2 = 0.78 and SD of the coefficient and intercept being 48.77 and 1,367.5, respectively. FIGURE 2. Regression of protein digestibility and total dietary fiber for Brassica meals. Protein digestibility = -1.567 TDF + 121.6, P < 0.03, R 2 = 0.73 and SD of the coefficient and intercept being 0. 477 Brassica juncea meals were higher in total aliphatic glucosinolates (average 24.2 mmol/g) than meals from B. napus (11.5 mmol/g) and B. rapa (18.7 mmol/g). Meals from B. juncea contained more 3-butenyl glucosinolates (average 21.2 mmol/g) than B. napus (3.4 mmol/g) and B. rapa (4.6 mmol/g) and accounts for the difference in the level of aliphatic glucosinolates between the Brassica species. Brassica juncea meals were lower in indol glucosinolates (3.9 mmol/g) than either B. napus (10.3 mmol/g) or B. rapa (6.6 mmol/g). All meals except MM3 and MM4 were free of 4-OH-benzyl glucosinolates.
All meals from B. juncea had numerically if not significantly higher AME n (2,216 kcal/kg average) than either of the meals from B. napus (1,832 kcal/kg) or B. rapa (1,557 kcal/kg) ( Table 3 ). The AME n was negatively affected by TDF in Brassica meals (Figure 1) (Figure 2 ) in the Brassica meals.
Broilers fed the four samples of B. juncea meals and the B. napus meal had similar weight gains (average 628 g vs 617 g, respectively) ( Table 3) . Strains MM2, MM3, MM4, and B. napus meal resulted in weight gain similar to soybean meal (640, 617, and 654 g for B. juncea, B. napus, and soybean meal, respectively). All meals except B. rapa resulted in a similar gain to feed ratio (Table 3) . The B. rapa meal resulted in a gain to feed ratio of 0.673 g:g, whereas the average for the other meals was 0.724 g:g.
DISCUSSION
Meals produced from B. juncea had considerably higher levels of glucosinolates than B. napus or B. rapa; however, the levels would still fall within the definition of canola meal (less than 30 mm aliphatic glucosinolates/ g of dry, oil-free seed; Bell, 1993) . Strains MM3 and MM4 were low in 4-OH-benzyl glucoinsolates (0.3 and 0.2 mmol/g, respectively) as compared to commercial meals that range from 0.25 to 7.05 mmol/g (Bell and Keith, 1991) and the other meals had undetectable levels. 4-OH-benzyl glucosinolates are found in certain weed seeds commonly found in canola and so the low levels indicate that the samples used in this experiment were relatively free of weed seeds.
Brassica juncea meals appear to be slightly higher in CP than B. napus or B. rapa and this is consistent with the findings of Simbaya et al. (1995) . The CP levels of the resulting meals were slightly higher than commercially processed meals with the average crude protein content of canola meals (B. napus and B. rapa) being 43.9%, whereas Bell and Keith (1991) in a survey of commercial canola meals found an average of 41.9%. The higher levels of protein may be a result of superior cleaning prior to processing. The elimination of small seeds and other non seed material would result in increased protein content (Jensen et al., 1995 , Simbaya et al., 1995 .
Meals derived from B. juncea had higher levels of protein and lower levels of fiber than the canola meals indicating that protein is higher at the expense of fiber. Simbaya et al. (1995) also demonstrated that TDF and protein level are negatively correlated (r = -0.82) in B. juncea meals.
The B. napus meal was higher in ADF and NDF but not TDF than the B. rapa meal. The B. napus sample used was a brown-seeded variety, whereas the B. rapa was yellow-seeded. The fiber composition of brown-and yellow-seeded varieties are dissimilar. Yellow-seeded Brassica species are lower in lignin and polyphenols but contain more nonstarch polysaccharides (NSP) (Slominski et al., 1994) . As ADF and NDF underestimate cell wall residues, particularly neutral detergent soluble polysaccharides, but because TDF more accurately reflects the total fiber residue content (Carré and Brillouet, 1986) , it is understandable that yellow-seeded Brassica species have lower ADF and NDF but not TDF. The low NDF:TDF ratio of B. rapa (0.66) relative to B. napus (0.87) and the B. juncea meals (0.78) indicate this B. rapa sample was high in neutral detergent soluble polysaccharides.
The superior energy utilization of B. juncea is probably related to the reduced levels of TDF, as the AME n was negatively related to TDF. This result is in agreement with the findings of Jensen et al. (1995) . One exception appears to be the B. rapa meal, as it had the lowest AME n but a TDF value very similar to that of the B. napus sample.
The protein in meal derived from B. juncea was utilized as effectively as the meal from B. napus and B.
rapa. However, protein digestibility varied considerably between meal types. Reasons for the variation are not clear but TDF and protein digestibility were negatively related, which is consistent with the findings of Jensen et al. (1995) using mice. This finding implies dietary fiber is impeding protein utilization; however, neither NDF or ADF were correlated with protein digestibility, suggesting that TDF is a more useful predictor of dietary fiber effects. Reasons for dietary fiber affecting protein utilization are not clear, but the indigestible protein fraction in the meal may be bound to, or encapsulated by, fibrous components of the meal (Jensen et al., 1995) . It is important to note that this relationship was calculated using a small number of samples (n = 5) derived from three different Brassica species. As a result, conclusions cannot be drawn until confirmed in experiments specifically designed to study the effects of fiber on protein utilization.
Strains MM1 and MM2 were derived from seed of the same cultivar but grown in different locations. MM2 had a slightly higher protein level and significantly higher ileal protein digestibility than MM1. This result indicates that both nutrient content and availability can be affected by growing environmental conditions. Both NDF and TDF were higher for MM1 than MM2; it can be speculated that environmental conditions affect these characteristics, which, in turn, influence protein utilization. Although previous research has examined the variability of protein or amino acid availability from canola meal samples, these data are confounded by potential processing effects. Research on genotype and environmental effects on meal quality is required for both canola and mustard meals.
Inclusion of B. juncea meals at a level of 20% resulted in weight gain and feed conversion at least equal to B. napus and soybean meals and superior to B. rapa meal (Table 3 ). An exception were broilers fed MM1, which did not grow faster than those fed the B. rapa meal. Both B. rapa and MM1 meals produced slower growth rate than birds fed soybean meal. The depression in performance due to the inclusion of B. rapa may, in part, be due to the low utilization of energy. Reductions in gain to feed ratio with reduced AME n were expected but the decrease in weight gain was not anticipated.
Meals derived from four samples of B. juncea seed were equal or superior to meals derived from B. napus and B. rapa in terms of protein content, nutrient utilization (AME n , protein digestibility) and feeding value for broiler chickens. Based on this research, meal derived from mustard meal presumably could be combined with canola meal to produce a product of comparable quality. As there is no evidence to indicate that mustard meal and canola meals would be affected differentially by processing technique, the results of this research should also be applicable to meal derived from commercial processing.
An influence of genotype and environment on the nutritional value of meal is suggested from this research.
Experiments designed to more accurately assess this interaction are required to more fully understand the factors affecting the nutritional quality of canola and mustard meals.
